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Abstract 
Water quality around the Island of Borneo is important for the coral reefs in Borneo's proximity.  
Sediment input into freshwater and marine ecosystems is a result of natural processes. However, mining, 
deforestation, poor agricultural practices can greatly increase sediment input into aquatic systems. 
According to time series analysis of the coastal waters around Borneo, water quality has worsened in the 
last 8 years. This short study analyzes and illustrates the particular year-to-year changes in the relevant 
waters using MERIS data from 2003-2010, as well as for the entire 8-year period. Changes in the 
statistical characteristics of the water surface variables, yellow substance (colored dissolved organic 
matter) and total suspended matter, in Borneo's coastal waters can be seen. The intra-annual variables 
derived include minimum, maximum, standard deviation and average. The interesting inter-annual 
variables investigated are slopes of the mentioned water quality characteristics over a period of 8 years 
around Borneo, which changed since 2003 and decreases for most of the Island of Bro. According to this 
study, further land development on the island of Borneo will further decrease water quality around 
Borneo and worsen conditions for coral reefs and other coastal ecosystems. This study also illustrates the 
utility and prowess of the open source programs BEAM, GRASS and R. 
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1. Introduction 
Land cover changes are occurring on a global scale [e.g 1,2,3], as well as changes in water quality and 
coral reef degradation [4]. Coastal water integrity exhibits many pattern often related to pollution from 
run-off [5,6]. Remote sensing has broad applications and implications for conservation efforts, because it 
is a widely available source of quality data which can play an important role for environmental change 
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monitoring efforts, especially that of marine waters.  Relatively recent developments in remote sensing 
technologies has led to improved ability to monitor and detect changes in ocean water color. The Envisat 
Medium Resolution Imaging Spectrometer (MERIS), which became operational in 2002 and offered fully 
global coverage starting 2003, offers five water color products, two of which were used in this study. 
Important for judging water quality, the reprocessed product bands total suspended matter (TSM, g m-3) 
and colored dissolved organic matter (CDOM, m-1), also known as yellow substance or gelbstoff, were 
investigated. Their utility lies in the ability to estimate turbidity and judge the trophic state of water, both 
of which are very important for marine ecosystems. It is also a good proxy for land-based water pollution.  
 
1.1 Study region 
 
This study investigated the evolution of water quality around Island of Borneo, the third largest island of 
the world and home to one of the richest terrestrial ecosystems, constituting the cornerstone of the 
important Indo-Malayan ecoregion [7]. Borneo's coasts also harbor one the richest marine ecosystems, 
bounding the so-called “coral triangle” in the northern coastal waters. Land-use change on Borneo is 
mainly related to increasing pulp production and oil palm agriculture [8]. The effects on land can be 
drastic and, when considering the carbon balance, even have global implications. Furthermore, the effects 
of deforestation and industrialization are important for downstream water integrity [5,6]. Water color data 
were summarized for the period 2003-2010 and investigated for changes over time, by means of linear 
regression.  The land cover characteristics were investigated for their influence on the water quality 
directly off of the coast, starting at the river mouth.  
 
 
2. Methods 
 
MERIS imagery data (Reduced Resolution) provided by the European Space Agency (ESA) from the 
period 2003-2010 (389 images) were selected for least cloud cover.. Processing was done using the 
BEAM software [9]. The two reprocessed bands, TSM & CDOM were subset and pixel values were 
removed if they had a poor quality flag [10].  Subset images were subsequently imported in Geographic 
Resource Analysis Support System [11] (GRASS) for spatio-temporal analysis. The summary statistics 
and data handling was carried out in R [12] (R Core Development Team, 2010). 
 
2.1 Analyses 
 
Intra-annual analyses were performed for each year of the time series (mean, minimum, maximum, 
standard deviation). The result for each particular raster cell is a function of the cell value across the time-
period (average of 48 partial images per year). The resulting intra-annual raster images were then taken 
and analyzed across all 8 years. A linear regression was performed on each set of intra-annual results to 
determine the behavior during the 8-year interannual period. Unfortunately, due to lack of data, more 
intricate analyses of the temporal behavior of these coastal waters was not allowed. The results from these 
time series analyses are merely indicatory. 
 
Rectangular outflow sample polygons were created at the river mouth/outflow point of each major 
catchment extending perpendicularly to land, in order to consistently sample the potential downstream 
impact area from each watershed. Water color data within the polygons was extracted and averaged for 
each polygon. Each sample polygon corresponded to 250 raster cells with 1040m by 1160m resolution 
(1.46 km2), equaling a total area of 364 km2 per polygon.  
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Table 1. Summary of water characteristics over the 8 year period at catchments (n=44) illustrates the evolution of the water 
quality around Borneo. Note the range of characteristics.  
Total suspended matter (TSM) Colored dissolved organic matter (CDOM) 
Statistic Min. Median Mean Max. Min. Median Mean Max. 
8-year Mean 0.52 2.45 3.21 9.1 0.056 0.415 0.648 2.3 
Slope of Mean -0.34 -0.019 -0.0445 0.21 -0.033 0.0094 0.0231 0.19 
Slope R² of Mean 0.056 0.145 0.176 0.42 0.08 0.16 0.174 0.47 
y-intercept of Mean 0.59 2.45 3.36 10 0.035 0.385 0.564 2 
8-year Mean of S.D. 0.99 5.6 6.85 17 0.15 1 1.54 4.4 
Slope of S.D. -1.5 -0.033 -0.135 0.47 -0.19 0.0115 0.0221 0.27 
Slope R² of S.D. 0.063 0.13 0.168 0.5 0.086 0.15 0.151 0.31 
y-intercept of S.D. 1.3 5.75 7.32 22 0.093 1.1 1.46 4.9 
Mean of Max. 0.2 0.835 1.15 3.2 0.015 0.082 0.18 0.78 
Slope of Max. -0.39 -0.00325 -0.00826 0.14 -0.047 0.00215 0.0101 0.061 
Slope R² of Max. 0.047 0.13 0.149 0.35 0.063 0.15 0.156 0.31 
y-intercept of Max. 0.23 0.855 1.18 4.4 0.0036 0.0675 0.144 0.77 
Mean of Min. 0.26 1.65 1.94 5.5 0.044 0.325 0.479 1.4 
slope of Min. -0.53 -0.016 -0.0368 0.22 -0.095 0.00345 0.00661 0.1 
Slope R² of Min. 0.053 0.14 0.166 0.47 0.084 0.16 0.163 0.31 
y-intercept of Min. 0.35 1.65 2.07 7.4 0.027 0.355 0.454 1.7 
3. Results 
 
The investigation of the yearly dynamics yielded many interesting maps of the studied water color bands. 
In Figure 1, values were extracted for each outlet polygon and averaged to investigate the state of the 
water quality of each affected outlet over the period of 2003-2010.  Further inspection shows some spatial 
heterogeneity of the water quality at the outlets, but a general upward tendency for most river outlets. The 
proportion of bare soil was also displayed. This land cover characteristic has been shown to be a strong 
determinant, along with the erosivity factor and the potential soil loss (RUSLE) [14] of downstream 
CDOM on the Island of Borneo. Land cover data shown here are from [15]. For simplicity, all 
characteristics of the interannual linear regression results were sampled at the outlets, summarized and 
displayed in table 1.  
 
3.1 Mean characteristics 
 
The slopes of the averages of both CDOM and TSM are generally increasing but also show spatial 
heterogeneity, as indicated by the minimum values. The variation explained (R²) is very heterogeneous, 
indicating presence of dynamics and some highly variable increases over time. Some catchments exhibit 
very high maximum 8-year mean values and correspondingly high y-intercepts, which is to be expected.  
 
 
 
 
 
B. Oney et al. / Procedia Environmental Sciences 7 (2011) 200–205 203
1.2 Standard deviation  characteristics 
 
Standard deviation of CDOM over the 8-year period exhibits a general increase in most catchments. The 
temporal evolution of the TSM standard deviation portrays a very dynamic behavior of outlet waters. 
Small coefficients of determination indicate high variability of the water color characteristics over time. 
 
3.3 Maximum and minimum characteristics 
 
The maximum of CDOM and TSM over the 8-year period shows a very dynamic environment as well, 
especially with TSM, with some outlets experiencing large increases and decreases of TSM over the 8-
year period. The minimum CDOM results portray a stability of minimum values over the 8-years. 
However, the minimum TSM values exhibit  some outliers of increasing and decreasing minimum values. 
 
 
4. Discussion 
 
Interestingly, many aspects of both 
CDOM and TSM are generally 
increasing with a few minor 
exceptions. CDOM is a very 
informative proxy for water quality. 
The presence of many large absolute 
values of slopes of water color 
attributes indicates the presence of 
very rapid (8-years) drastic 
environmental changes.  Previous 
work by the authors [13] indicates 
that there is a very strong link 
between land use and coastal water 
quality. Figure 1 displays the spatial 
heterogeneity observed in coastal 
water quality.  As there is a 
possibility of spatial structure there, 
spatial autocorrelation was 
investigated and found to be 
significant. However, analyses 
previously done [12] found no spatial 
structure in model residuals, 
indicating that the spatial structure in 
the water color was due to the 
similarity of near catchments.  
Figure 1. The slope of regression analysis of the average of the intra-annual
colored dissolved organic matter (CDOM, m-1) over a time period of 8 years
(2003-2010). For simplicity, results were placed into three categories: negative
slope (<-0.01), no slope (-0.01> slope <0.01), and positive slope (<0.01) (range is
0.33-0.19). The proportion of bare soil has been found to be an important
determinant of CDOM in previous work, although no obvious symmetry can be
observed. This figure shows the southwestern region of the Island of Borneo. 
 
The percentage of the outlets which 
increased over the past 8-years (table 
2) indicates a general degradation of 
coastal water quality around most of  
the Island of Borneo and adds to the 
growing literature on large-scale 
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effects of pollution in the Indo-Malayan ecoregion [e.g. 16]. The drivers of land use change also seem to 
be drivers of coastal water quality.  
Many conservation efforts are financially viable but 
poorly aimed. This study demonstrates the utility of 
remote sensing data to aide conservation efforts in 
developing countries, which tend to have a low 
sampling density and rapidly increasing human 
population. It also highlights the use of open source 
software in performing data analysis, and gives an 
example for conducting low-budget research with 
arguably the best analytical tools.  
Table 2. Percent summary of the number of river outlets 
whose water quality (TSM and CDOM) decreased or 
increased during the 8 year period. 
 
Statistic Increased Decreased 
Maximum 0.523 0.477 
Minimum 0.557 0.443 
Average 0.545 0.455 
Standard 
Deviation 0.534 0.466 
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